A capillary-based microfluidic instrument suitable for immunoaffinity chromatography.
The analysis of biological samples to produce clinical or research data often requires measurement of analytes from complex biological matrices and limited volumes. Miniaturized analytical systems capable of minimal sample consumption and reduced analysis times have been employed to meet this need. The small footprint of this technology offers the potential for portability and patient point-of-care testing. A prototype microfluidic system has been developed and is presented for potential rapid assessment of clinical samples. The system has been designed for immunoaffinity chromatography as a means of separating analytes of interest from biological matrices. The instrument is capable of sub-microliter sample injection and detection of labeled antigens by long wavelength laser-induced fluorescence (LIF). The laboratory-constructed device is assembled from an array of components including two syringe pumps, a nano-gradient mixing chip, a micro-injector, a diode laser, and a separation capillary column made from a polymer/silica (PEEKsil) tube. An in-house program written with LabVIEW software controls the syringe pumps to perform step gradient elution and collects the LIF signal as a chromatogram. Initial columns were packed with silica beads to evaluate the system. Optimization of the device has been achieved by measuring flow accuracy with respect to column length and particle size. Syringe size and pressure effects have also been used to characterize the capability of the pumps. Based on test results, a 200-microm x 25-mm column packed with 1-microm silica beads was chosen for use with a 500-microL syringe. The system was tested for mixer proportioning by pumping different compositions of buffer and fluorescent dye solutions in a stepwise fashion. A linear response was achieved for increasing concentrations of fluorescent dye by online mixing (R2=0.9998). The effectiveness of an acidic gradient was confirmed by monitoring pH post-column and measuring premixed solutions offline. Finally, assessment of detectability was achieved by injecting fluorescent dye solutions and measuring the signal from the LIF detector. The limit of detection for the system with these solutions was 10.0 pM or 10.0 amol on-column. As proof-of-principle, immunoaffinity chromatography was demonstrated with immobilized rabbit anti-goat IgG and a fluorescent dye-goat IgG conjugate as a model antigen.